The dental enamel is composed of many enamel rods, which are also composed of many crystallites when observed under the electron microscope.
This fact was first found by Bo y 1 e, Hillier and Davidson (1946 They studied the relationship of crystallites and collagen fibers which form the matrix of the bone, with the conclusion that the c-axis of the crystal coincided with the long axis of the fiber and that the most probable mature crystal length was estimated to be 350 to 400A. Crystal particles were found in the interfibrillar cement substance, and were deposited in the band regions of the collagen, increasing in diameter as age increased.
Watson and Aver y applied the above results to the dental enamel and reached the following conclusion ; the c-axis of the crystal lattice of the enamel coincides with the long axis of the matrix fiber, and the deposition of the inorganic components relates with the macromolecules of the eukeratin that forms the matrix 125 Table  I fiber. This eukeratin fiber has the striations of about 400: along the fiber axis during the stage of amelogenesis, however, the relation between the striations and the crystal deposition has not been mentioned.
In Japan, electron microscopic study has been scarsely made in this field of investigation, although T a k u ma (1956) reported on the ultrastructure of the tooth from the standpoint of the general survey.
M i z u h i r a and Hirai (1956 and 1957) at first made an observation on the pulverized enamel to study the fine structure of the dental tissue. They found the " striped " structure along the crystalline axis. Moreover, they made several investigations as to whether this " striped " structure was a normal one or not.
Crystallography with Special Reference to the Apatite
It is necessary to choose three lines parallel to the lines of intersection of three faces of the crystal that do not lie in the same plane. We must now take a fourth plane, which may cut all three axes, as a standard plane. Let ABC (text- fig. 1 ) be such a plane, and let it make intercepts OA (= a), OB = b), OC (= c), on the axes Ox, Oy, Oz, respectively. A face which is parallel to a plane whose intercepts on the three axes are a/h, b/k, cil, where h, k, and 1 are whole numbers, is a possible face of the crystal. The numbers h, k, 1, define the plane, to which a symbol (hk1) may be given, and are called its Miller indices, after Miller who introduced them. Zero always occurs in the symbol for a face which is parallel to an axis or two. For the hexagonal system as an apatite it is often convenient to use four symbols. Three axes inclined 120 degrees to each other and at right angles to the c-axis, called a1, a2, a3, respectively (text- fig. 2 ). In this case, a symbol (a1, a2, a3, c) which is analogous to a symbol (h, k, h k, 1) may be given, but in case of taking only an oblique-lined unit cell of text- fig. 2 , the symbol for four axes is convertible to that for three axes. In text-fig. 2, for example, (1010) is identical with (100). Usually the latter symbol is applied for simplification.
Crystal unit of an apatite belongs to the hexahedral system at the space group of C:, (C6 3/m). Many investigators measured the length of four axes and came into good agreement : a, = a2 = a3 = 9.44A, and c --6.88A, respectively (Table I) .
This crystal unit congregates to form an apatite crystal, the dimension of which is slightly different with each investigator (Table  II) . As to that of the human enamel the dimension is several thousands angstrom units long, hundreds of angstroms wide, and a considerable angstrom thick. The dimensions of crystals present in dentin and bone are much smaller than that of enamel. Table II. Apatite from bone and tooth is chiefly from hydroxyapatite Ca10(PO4)6(OH)2 and fluoloapatite Ca10(P036F2. Many investigators came into good agreement with this chemical formula, though D all emagne et al. issued many papers to assert, that the apatite forming bone and tooth was chiefly of a-tricalcium phosphate Ca,(P0061-12(OH)2 (D al 1 e m a g n e and F a b r y, 1956, for example).
This material, also called tricalcium phosphate hydrate Ca,(PO4)6(H20)3 (H e n d r i c k s, 1952), or Caio(PO4),(OH), • occluded 0.6711,130, (P o s n e r and S t e p h e ns o n, 1952), and its presence are assumed to be in the mineralized tissue of the human body by several other investigators.
By the action of an acid on the bone and tooth, CO, gas is generated, however, it is not believed today that the carbonate ion is present as a carbonate apatite Ca10(PO4)6CO3. 
Material and Methods
Adult human teeth were fixed in 10 per cent neutral formalin for 24 hours or 1 per cent buffered osmic acid for 2 to 6 hours as a sample. Then, the material is immersed in dilute acid solution (e. g. 5 per cent phosphowolframic acid, N/10 hydrochloric acid, 2 per cent formic acid, etc.) from several hours to several days. The softened enamel by means of this procedure was scraped off into the buffered solution, and a half of it was afterwards dehydrated by serial concentration of ethanol followed by embedding in 70 per cent n-butyl methacrylate with 30 per cent of methyl methacrylate, containing 2 per cent benzoyl peroxide as a catalyst.
The plastic was polymerized at 60°C overnight. The ultramicrotome used was JUM-4 type of Japan Electron Optics Co. or UM-2 type of Hitachi, Ltd. The other half was pulverized by grinding for 15 minutes in an agate mortar at the weight of pestle itself without any muscular strength, additioning with distilled water drop by drop, and centrifuged for 5 minutes at 2000 R. P. M. The supernatant fluid which contains fine crystallites was directly dropped on a copper grid covered with a collodion membrane and dessicated. These samples were observed with Hitachi HU-10 type electron microscope, which is controlled under the high power stabilizer, 50 KV power supply, and 40pA beam current.
A part of the pulverized enamel was treated with the following ferments and examined the effect 0.3 per cent trypsin (pH 8.4), 0.3 per cent pepsin (pH 5.3, pH was rather less acidic to avoid acid effect on crystals), 3000 P. U. N./cc Nagarse (pH 7.1, manufactured at Nagase & Co., a sort of crystalline protease obtained from hay bacillus. Sasaki et al., 1957) , and 1000 V. U. M./cc Sprase (hyaluronidase) (pH 7.1).
It is true that the crystallite form may possibly be destroyed by acid effect when enamel is softened by acid treatment, however, the author confirmed the crystallite form to be an almost unchanged electron microscopically, as compared with an autoclaved one and with in propyleneglycol boiled one. This procedure is very simple and has an advantage that the ultrathin section obtained by this method contains a varied amount of crystallites.
Other teeth were ground to obtain smooth surfaces which were then etched by dilute acid and a methacrylate replica followed by aluminium-chrome double shadowing was made .
For the purpose of examining the pulverized enamel by the electron diffraction, the preparation was observed with the three stage microscope, and after field limiting the intermediate lens current was weakened immediately. The calibration was made by comparing with the electron diffractogram of aluminium .
Observations (J) Electron microscope observations
The crystallites forming the enamel take form as demonstrated on plate I, fig. 1 and as previously described this fact was already reported by many investigators.
They expressed the form as lath-or rod-shaped, but there is no doubt that the shape is composed of crystal units of text- fig. 2 . The dimension of crystallites which the author has obtained from the enamel of human permanent teeth was chiefly of 600-1000 mg in length and 50 mg in width .
Plate I, fig. 2 shows a higher magnification of a similar crystallite . An electron dense cross-banding of about 150 mg wide is observed. At an interval of about 300 mg another but less distinct band is seen. Between above mentioned bands very narrow bands lie in arrangement at intervals of several hundreds Á .
Whether these " striped " structures are due to interference as stated by Watson and Robinson, and by Watson and Avery , or due to influence of the striation of fibers of the matrix such as collagen or keratin fibrils, is a question to be studied in the following experiments.
If the striation is due to the influence of collagen or keratin fibrils, it seems to get some change in the crystalline state by the fermentative treatment ; however, pepsin , trypsin, hyaluronidase and nagarse treatments showed only too little change in the crystallite to demonstrate it by the photographs.
Plate 1, fig. 3 shows a shadowed replica obtained from the ground surface of the enamel after preliminary etching for 30 seconds with N/10 HC1 (much stronger than the ordinary etching used in electron microscopic works). The fibrillar crystallites which form an enamel rod slww fine cross-striations clearly along the axis. The interval is about several hundreds A, but a correct value is not to be found since the inclination between replica surface and the actual direction of the crystallites may not be in a parallel, therefore, the measure ment from this plate is likely to lead to a false value.
In plate II, fig. 4 the direction of the crystals of the interprismatic substance is different from that of the crystallites in the rod. Generally speaking, long axes of the crystallites in the rod are nearly parallel to the rod itself, but those in the interprismatic substance are almost at right angles to the rod.
An electron-microscopic picture of a half-decalcified ultrathin section is fig. 5 , which shows two different directioned fiber groups and both groups cross each other with an angle of about 30 degrees. This feather-like pattern corresponds with the scheme that Watson and Avery brought forth at the hamster lower incisor, and with the model that H e l m c ke (1955) made of the human tooth. It is to be noted that the cross-striations in the crystallites are almost indistinct in this case compared with the replica figures.
The pulverized enamel, after removal of large sediments by centrifuging' for 5 minutes at 2000 R. P. M., followed by cenirifu:. gation for 30 minutes at 4000 R. P. M., and the supernatant poured off; then added 5 per cent phosphowolframic acid and was left for 30 minutes, and then again centrifuged for 30 minutes at 4000 R. P. MI to obtain the sediment, which was rinsed by centrifuging twice with distilled water. The last sediment was dropped on a copper grid with collodion membrane, dried, and examined with the electron microscope. Phosphowolframic acid was used for a double purpose of decalcification and electronic staining at this case (H i r a i, 1956). In plate III, fig. 6 , which was made at this procedure, there are .distinct striations in the fibrillar structure that seems to form the matrix of the enamel. The interval between each striation was measured about 270A. It is clear that this fibril actually forms the matrix of the enamel, as it proved the diffraction flecks of a single crystal by the electron diffraction, though it was feeble to demonstrate by photograph.
The enamel from the molar of the swine, which was half decalcified and pulverized, contained abnormally long crystallites ( fig.  7) . At the author's method of investigation, few crystallites from human subjects measured more than 1su, but crystals from swine are not rarely over several microns.
At the result of the electron diffraction, constituent of the crystal from the swine tooth is determined to be apatite as well as in man. fig. 8 is obtained from the tooth of a fossil elephant, and the crystals* are somewhat similar to those from man, although more or less wider.
(II) Electron diffraction
Although it is possible to differentiate the crystal structure from the electron diffractogram, the crystallographic credibility of the electron diffraction is much lower than that of the X-ray diffraction.
The reason is that the wave length associated with the electrons in motion is short and therefore only relatively short interplanar spacings can be measured ; that the calibration of the electron diffraction unit in the electron microscope offers certain difficulties ; and that the specimen becomes heated during the exposure and may develop growth and chemical changes of the crystallites. However, it has an advantage that it is able to obtain a diffractogram of very small particles and of a part of a larger material (C a r 1 s t r ö m and E n g s t r ö m, 1956). In other words, the electron diffraction has a qualitative advantage for the general diffraction phenomenon, though it has too many deficiencies to be quantitatively supplied by X-ray method in regard to measurement of intensities and the comparison with the theory (M i y a k e, 1951). Rings obtained from the electron diffraction method are identical with Debye-rings which appear by the X-ray diffraction.
The spacing of the planes d, which belongs to the interference point, is given by Bragg's formula ;
2d sin 0=n2
where 0 is the glancing angle of incidence of the X-ray or electron beam on the planes in question, A is the wave length, and n is an integer. But in case of electrons A is generally so small that an approximation formula sin 040 is available. Therefore, dr=L2 where r is a distance from the direct ray point of electrons to the diffraction point on the photographic plate, and L is the distance from the sample to the photographic plates. If an aluminium crystal which belongs to a true cubic spacelattice, is used for the standard of calibration, the lattice constant Generally, the crystal system has the following relation between spacings and lattice constants ;
In the case of the apatite, -----90°, r -120° , a b, therefore Goro Hirai Supposing a =9.44A, and c=6.88A., the formula (4) is, Plate IV, fig. 9 shows diffraction rings of the enamel crystallites thus obtained.
The value of a measured from these rings to be 9.34A, and of c to be 6.92A.
Introducing these values to the formula (4),
The diffractogram, obtained from a solitary crystallite of the dental enamel, is demonstrated in fig. 10 . This figure is called N-pattern (K i k u c h i, 1928) which is characteristic of the electron diffraction.
As to the cause of this pattern, Bragg (1949) gave an explanation that the electron beams applied to the thin atomic layer seemed to be most credible so far.
The Table IV shows the values from the bone and the tooth by the X-ray and the electron diffraction, which have already appeared in the literature.
The relative intensities obtained from the N-pattern show many discrepancies from the data from the Debye-ring of the X-ray or the electron diffraction.
In fig. 10 , for example, intensities of (002) and (004) are the strongest, while those of (110), (220) and so on are the next. This means that the preferred orientation of the unit cells is present in the crystallite within the limited visual field, and that the (100) plane of the crystal is parallel to the surface of the preparation, for the reflections from the lattice-planes that belong to (100), such as (200) and (300), are not seen. The comparison with the electron microscopic picture in the right lower corner in fig. 10 indicates the long axis of the crystal to be identical with the c-axis, because the line that links the reflection from (002) with that from (004) is parallel to the long axis of the crystallite.
These results allow the author to conclude electron microscopically that the long axis of the crystallites forming enamel is identical with the c-axis of the unit cell, and is at right angles to the c-axis.
If the N-pattern is the projection of (001), it must be a parallelogram or a triangular form as supposed by text- fig. 2 . The rectangular pattern of fig. 10 is the proof, that the electron beams incide vertical to the (100) or (010) plane. Thus the geometrical translation of the pattern gives the same result with the analysis of the electron diffraction flecks.
Whether enamel crystallite possesses the condition to exhibit the N-pattern is to be considered. If the electron beams may incide almost vertically to the (100) plane, the interval d of the neighbouring atoms is about 9.4A, since it is almost identical with the a-axis of the unit cell. On the assumption that the angle of incidence cb is about 2 degrees, the aberration of the waves from the adjacent atom is d `r and calculates to be 0.0057A, and this value corresponds to 1/10 1 2 against the electron beams of 50.000 V. The thickness of the crystallite is consequently able to act as two-dimensional lattice, when it is not more than 10 atomic layers, therefore the N-pattern may be exhibited if the thickness of the enamel crystallite be within about 100A.
Discussion
Inclination of enamel crystallites to the enamel rod: This problem has been discussed from early days on the basis of the X-ray diffraction studies. The report of Rosebèrr y, Hastings and Morse (1931) that the enamel crystallites run in a random direction is not believed by any one at present. F u n a o k a (1928), and Möller and TrOmel (1933) convinced that the crystals directed in the same direction as the rods do. Gross (1926), Thewlis (1932), and Bale, Hodge and Warren (1934) objected against their opinion, and concluded that the orientation of rods and that of the c-axis of the crystals make an angle of about 15 degrees of each other. Yoshida (1937) reported that the axis of the fibrillar enamel crystallites had double orientation ; the one is parallel with the prism direction but the other is inclined about 35 degrees from the former.
On the other hand, Ebner (1890), on the basis of the polarization microscopic observations, remarked, that the direction of the rods had the difference of 5-20 degrees with the direction of vibration in the extinction position.
Thewlis (1939) , as was later approved by Schmidt and K e i 1 (1958), obtained essentially the same result from the study of the phenomena of birefringence and of the X-ray measurements exhibited by the human dental enamel. According to his investigation, the main feature of the crystalline arrangement is the presence of two groups of apatite crystallites within each enamel prism. The hexagonal axes of one group are inclined to the prism direction at about 5 degrees, and those of the other group at about 40 degrees. The 5 degrees group is usually predominant in the prism-itself, and the interprismatic substance contains, in general, a majority of the 40 degrees crystallites.
Henschen, Straumann and Bucher (1932), who have a different opinion from the above, observed no regularity in the arrangement of the crystallites themselves, for the crystallites were deposited in the organic lattice which spirally coiled around the long axis of the bone.
StUhler (1938) also noticed that the strongest points of the Debye-ring are arranged in the equatorial and meridian planes, and supposed that the crystallites-are arranged spiral to the long axis of bone.
Suzuki (1938 and 1939) made a similar assumption with StUhler on the dental enamel. Although most radiologists and polarization microscopists. thus confirm the direction of the long axis of the bone and the enamel to be different from the c-axis of the crystal lattice, electron microscopists are divided into two groups ; the first group comprises Takuma, Suzuki, Osawa and Tsuchikura (1949), Suzuki and Takuma (1950) , Syrris t, and Scot ,t (1955), who declared that both the directions were parallel ; the second group . is K e nnedy, TeuscherandFosdick(1953)andHelmcke who stated that both inclined about 20-40 degrees.
The last inamed author explained the formation of the enamel prisms that the crystals made an arborescent development from the colloidal state.
Recently he (1958) reconsidered his electron microscopic findings from the polarization microscopic study. Plate II, fig. 5 seems to be a support to the second group. but, by the author's experience, it is rather in rare cases, and many photographs show the parallelism of the enamel rods with the crystallites. The author considers that the difference between the first group and the second is chiefly the difference of the region and the direction of the sections to the rod. If the spirally coiled organic matrix is admitted to be present, then the rod and the crystallites might be in some cases parallel, and in other cases the both might be crossed, especially in the root of the enamel rods, for instance in the tufts.
The discrepancy of the direction between interprismatic substance and prism itself was first observed by The wlis with the polarization microscope, and under electron microscope by T a k u ma et al., and Tsuc hikur a and Takuma (1951) who stated that the crystallites in the interprismatic substance have taken their course almost at right angles to the prism. Kennedy et al. observed the arrangement of the crystallites in the interprismatic substance to be sparse and irregular as later described by Scot t. Plate II, fig. 4 corroborates the fact.
The presence of the cross-striation in the enamel crystallites:
The presence of the " striped " structure was first observed by Fran k, and Frank and Meyer (1955), who thought them to be fine processes of the interprismatic fibrils. He 1 m c k e (1955) also found the periodically reiterated structure in the crystal, however, as to these nature he did not mention.
Recently H a 11, observing the replica of the unetched cleaved enamel under electron microscope, reported that the edge of the crystallite obtained from the enamel near the neck of a newly erupted tooth is denticulated like a stampedge, and is due to the side branches of the organic fibrils with the periodicity of 32 mp.
The striation in the pulverized enamel may be ascribed to the interference as described by Watson and R o b i n s o n, and W a ts o n and Aver y. The dark striations seen in the left lower crystal of plate 1, fig. 1 are sure due to the interference, but not all striations seen in plate I, fig. 2 are probably to be attributed to the interference. Fig. 6 is suggestive on this problem. The chief organic corn-ponent of the enamel is eukeratin as investigated by Pincus (1936 and 1945) , and Block et al. (1949) , but it is to be decided whether the fibril in fig. 6 is identical with the keratin fibril, and whether the periodicity is present in the keratin fibril and is observable under electron microscope. Meyer and Mar k (1928) first studied the structure of keratin but any report concerning the periodicity was not made. As t bur y (1933) measured with X-ray diffraction the fibrillar periodicity of wool to be 5.15A in the normal condition, and 3.38A in the state of full extension. He named the former to be a-keratin and the latter as fl-keratin.
Bear (1943, 1944 and 1951) , who investigated the small-angle X-ray diffraction pattern, conclusively demonstrated that the smallest necessary fiber period of the African procupine quill tip was normally 198A, and of the crab muscle was 725A (145 x 5). Both were of a-keratin type. The fiber period of the feather rachis which belonged to the fl-keratin type was 95A, and of silk was not known by this method. It was characteristic of the keratin-myosin family that their small-angle diffractions varied with the source.
From the chemical point of view, the variation of the periodicity of keratins, especially of the enamel keratin, may be anticipated. The definition of the eukeratin is that it yields, on acid hydrolysis, histidine, lysine, and arginine in molecular ratio of approximately 1 :4 : 12. The enamel eukeratin yields much lower content of cystine, glutamic acid, and aspartic acid, and much higher content of phenyl, alanine than any other keratin studied (B 1 o c k, 1951) . The variation of the composition of the enamel keratin is suggestive that the periodicity may vary from that of any other keratin.
Although the electron microscope enables to visualize the fiber period of such protein fibers as collagen, fibrin, etc., as the long spacings of the fiber period is within the resolution of the electron microscope, that of the keratin group is not yet exactly confirmed electron microscopically, but may be determined by some suitable electronic staining in future.
It is interesting that F a r r an t, Rees
and M e r c e r (1947) were able to show that fibrils were present in the cortex of wool fibers (processed sheep hair) next to an amorphous matrix and composed of single aggregates of particles by means of the electron microscope. By using the gold shadowing technique, it was possible to show that these tonofibrils could be further subdivided into protofibrils, which were 110A wide and 2000A. long, and which, in turn, were composed of a series of particles of uniform size which had a diameter of 1101 and which were arranged side by side along the axis. On the other hand, M i z u h i r a (1959) observed the fine regular striations of keratin fibrils in the tadpole epithelial cells, which were estimated to be about 60-100A.
The author failed to conclude that the fibril having periodicity of 270A of fig. 6 belonged to keratin family from the previously published literature, and only discussed that in the present state the possibility was not to be denied. If the fibrils were admitted to be keratin, the enamel is supposed to be formed as calcium deposits in the band region of the fiber with an interval of 270A, as in case of bone.
The relation between different species of animals and crystal forms: The fact that the crystals from rat and hamster are longer than that of human is already reported by Robinson and W a t so n, and Watson and Avery respectively. The crystals from guinea pig described in Or b a n's text book (1953) being cited from Boyle et al. are much longer than that of human. It is interesting that not only rodents but also swines have the similar longer crystals in enamel ( fig. 7 ). Although the difference among the species of animals requires further examinations, the reason of the difference is to be considered. I j i r i (1955), and Sato et al. reported the value of tooth crystallites of fossil animals studied by the X-ray diffraction procedure may exhibit slight differences according to the age of the fossil, the state of preservation, and to the species of animals . S t U h l e r maintains that the fossil tooth yields much fluor content, and Baud (1956), and Tr a u t z founds the lattice constant of apatite crystals varied from the difference of the fluorine content , therefore it is to be considered that the crystal forms may vary with the species of animals, as its lattice constant do with the composition of apatite.
The comparison of crystals between human and swine or guinea pig offers certain difficulties to believe the crystal forms to be lengthened more than several times as the axis length of the crystal unit cell is a little longer or shorter. The difference of the composition, therefore, is imputed rather to the organic contents than to the inorganic.
From the functional standpoint, there is a certain reason to the difference. Generally speaking, the crystal of the enamel has the larger dimension than that of bone and dentin (C a r 1 s t r öm and E n g s t r ii m, 1956), therefore the surface area is 99.3 m2/g in bone, and 1.8 m2/g in enamel as studied by the nitrogen gas-absorption method (W o o d, 1947 ). As the metabolic activity is easier as the surface area becomes greater, the activity in enamel must be lower than in bone or dentin. The human enamel likewise may be assumed to require more metabolic activity than the other animal. From the embryological point of view, the organic matrix of the above mentioned animal might have some variations in its composition, as calcium will deposit along the organic fibril in the ground substance.
The arrangement of the unit cell in the apatite crystallite : The long axis of fibrillar crystal of bone is identical with the c-axis, was related by Robinson and his school, and Schwarz et al. Of tooth, there is a paper by Watson et al. dealing with hamster. They stated that the electron diffraction rings of (002) and (004.) have variances in density and the line links the dense portion is parallel to the fibrillar crystallites, therefore the long axis of the fibrillar crystallites is identical with c-axis.
The author, as already described, directly proved the long axis of the enamel crystallite to be parallel with c-axis of the unit cell by the electron diffraction method, but, strictly speaking, the direction of the crystallite of the right lower corner of fig. 10 is not completely parallel to the c-axis of the diffraction pattern, making an angle of about 10 degrees.
The fig. 10 has obtained in the way as described in the "material and methods " , and therefore, no image rotation occurs in this case, so the discrepany of either axes must have another reason.
If the long axis of the crystallites supposed to have an angle of about 10 degrees with the c-axis of the unit cell, the spiral arrangement of the organic micell in enamel which has been assumed by Hens c he n, S t ii h 1 e r, and Su zuk i, may be possible. The apatite crystal, on the other hand, grows spirally itself (H a r ad a, 1957 ; A m e 1 i n c k, 1952), therefore is able to arrange spirally without any organic relation. The author regretly has not sufficient data to confirm above hypothesis, and expects future progress in this field of investigation.
In spite of the difficulty, the long axis of the crystal is almost parallel with c-axis, and at right angles with c-axis, and the crystals are accumulated to the direction of (001).
The width of the enamel crystallites observed under electron microscope is more than several mg, and it means crystal unit cells conjugate as well transversely as longitudinally. To which direction is the conjugation close ? In other words, it is to be decided whether the crystal unit cells combine to the direction of a-axis to become a sheet which is piled up to make the rod-shaped crystal, or the cells conjugate to the direction of c-axis to become fibrillar crystallite which is gathered to make the rod-shaped crystal. The question is solved electron microscopically. Any crystallite which is finer than several mg wide is not found in the visual field of the electron microscope and the cleaved faces of the crystallites are usually at right angles to the long axis. From these facts, the attraction to the a-axis seems stronger. This is the possible reason why the enamel shows negative uniaxial birefringence in the polarization microscope. Conversely, it is to be considerable that the attraction to the direction of a-axis is stronger as the enamel shows negative birefringence, and therefore the way of thinking that the long axis of the bone crystal is identical with a-axis cited by Robinson (1951) as the private communication of Hendricks is not to be applied to the dental enamel. If it may be a-axis, then the " striped " structure in the enamel crystallite is parallel to the c-axis and has no relation with the cross-striations of the organic matrix fiber, but, as the long axis of the crystal is c-axis, the " striped " structure may possibly be reflection of the periodicity of the matrix fiber.
The author has investigated as to the " striped " structure found by M i z u h i r a and the author in the enamel crystallite from the assumption that it has had certain relations to the properties of the matrix fiber, and discussed its possibility.
Conclusions
1. Crystallites of several hundreds to thousands A long and not more than hundred A wide are in good many numbers observed by the electron microscope in the half-decalcified and pulverized enamel prisms.
2. Detailed observation of the crystallite indicates that there are fine " striped " structures in the crystals, sometimes obscure but sometimes very distinct.
As to the interval of the striations the larger is about 3000A and the smaller about several hundreds A.
3 Pulverized enamel from the human permanent tooth observed under electron microscope. There are many lath-or rodshaped crystallites. The dimension is chiefly of 600-1000 mp in length, and 50 mp in width. The 50 mp wide crystallites are often cleaved longitudinally into two, but narrower crystallite than several rap is never observed. The cross-striations seen in the left lower crystallite are probably due to the interference. 2. A higher magnification of a crystallite.
Two electron dense cross-bandings of about 150 mp wide are observed at an interval of about 300 mp. Between these distinct bandings, narrow bands, or the " striped " structures, lie in arrangement at intervals of several hundreds A (arrow). 3. A shadowed replica obtained from the ground surface of the enamel after preliminary etching for 30 seconds with N/10 HCI. The fibrillar crystallites show fine cross-striations, or " striped " structures, at intervals of several hundreds A. The correct value of this interval, however, can not be estimated as the replica surface, though it is parallel to the long axis of an enamel rod, may possibly not be in parallel to the direction of crystallites.
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Explanation of plate II 4. A shadowed replica made in the same way as plate I, fig. 3 . The replica surface is at right angles to the long axes of enamel rods. In bright interprismatic substances, centered between two dark cross-sections of enamel rods, a few crystallites, which are at right angles to the direction of crystallites within the rods, are observed. 5. Ultrathin section of a half-decalcified enamel rod. The exact three-dimensional direction of enamel rods is not known. The groups of fibrillar crystallites which are crossed together with an angle of 15 degrees to the long axis of the rod are demonstrated.
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Explanation of plate III 6. In the pulverized enamel, which was decalcified and electronic stained with 5 per cent phosphowolframic acid, and was precipitated by centrifuging, there are distinct striations in the fibrillar structure that seems to form the matrix of the enamel.
The intervals between each striation were measured to be about 270 A. As it proved the diffraction flecks of a single crystal by the electron diffraction, though it was feeble to demonstrate photographically, this fibril is surely a part of the enamel matrix. 7. The pulverized enamel from the molar of the swine, contains abnormally long crystallites.
The human enamel never shows such a long crystallite beyond several microns. 8. The pulverized enamel from the fossil elephant tooth, contains rather wider crystallites.
The length, moreover, seems to be a little shorter.
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Explanation of plate IV 9. An electron diffractogram of the enamel apatite. (002) and (004) rings are very distinct, but owing to the coarseness of crystallites , the rings are not linear but appear as the continued particles. 10. An electron diffractogram of an isolated crystallite (right lower corner) shows a beautiful N-pattern. The analysis of this pattern is demonstrated in text- fig. 3 . The reflections from (002) and (004) are the strongest. From the fact that (220) and (221) are rarely seen in usual X-ray diffractogram, and (200) and (300) which are intense by X-ray diffraction are not seen , therefore, this pattern is a reflection of a preferred orientation of crystallite. The long axis of the right lower crystallite is almost identical with the line that links (002) and (004) ; that is, the c-axis of the unit cell is almost identical with the long axis of the crystallite, however, slight difference of about 10 degrees between either axes is observed.
